UNCLASSIFIED

AD NUMBER

ADB841554

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
only; Adm nistrative/ Qperational Use; 01 OCT

1968. Ot her requests shall be referred to Naval
Cvil Engineering Lab., Port Huenene, CA 93041.

AUTHORITY

NCEL Itr 19 Jun 1978

THISPAGE ISUNCLASSIFIED




A FUNCTIONAL DESIGN OF AX
INGRESS-EGRESS SYSTEM
FOR AN
OCEAN BOTTOM STATION (U)

- -

1 October 1868

n
[
[]
(]

Final Report
Prepared for
U.S. NAVAL CIVIL ENGINEERING LABORATORY
Port Hueneme, California
Under Contract N62399-68-C-0020

AD841554

R

5 Report No. CR 69.003 T o 'rf:~~-,,
in} OCT2 2 1968
[: b ULL‘»L_A.JJ LJ bk_j
y
B WESTINGHOUSE ELECTRIC CORP.

OCEAN RESEARCH & ENGINEERING CENTER
Annapolis, Maryland )

Each iransmittal of this document outside the agencies
of the U, S, Government must have prior approval of the
. Naval ;lvil Engineering Laborato

,Z/“W/ C ?309{/

/3D




s

e Ce pioa aiaiann, L Zian o Ton e T R g o

A FUNCTIONAL DESIGN OF AN
INGRESS-EGRESS SYSTEM
FOR AN
OCEAN BOTTOM STATION (U)

1 October 1968

Final Report

Prepared for
U.S. NAVAL CIV!L ENGINEERING LABORATORY

Port Hueneme, California
Under Contract N62399-68-C-0020

Report No. CR 69.003

by
WESTINGHOUSE ELECTRIC CORP.

OGEAN RESEARCH & ENGINEERING CENTER

Annapolis, Maryland

Each transmittal of this document outside the agencies
of the U, S, Government must have prior approval of the
Naval Civil Engineering Laboratory,

W S




Frontispiece -- IES During Station Resupply




b1

0 L] ) .
| e ] S [,

. b e -

.
S cth
~

PREFACE

The purpose of this report is to provide a functional design
for an Ingress-Egress System for a Manned Underwater Station, The
Station, being developed under the cognizance of the U, S, Naval Civil
Engineering Laboratory is a first generation prototype which will
serve as an engineering test station for further development of

manned deep ocean construction concepts.

The referenced manned underwater station concept has been
developed by the Electric Boat Division of the General Dynamics
Corporation in a report under contract No, 62399-67-C-0044. The

Ingress-Egress System has been designed within the framework of

this concept.

The work reflected in this functional design was performed
under contract No. N62399-68-C-0020 by the Westinghouse Ocean
Research and’ Engineering Center, Annapolis, Maryland.
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SUMMARY

The Ingress-Egress System provides means to supply 8 Manned

Underwater Station with a replacement crew and fresh consumables.

The baseline system incorporates a Deep Submergence Rescue
Vehicle as a resupply submersible and an ASR-21 as a surface support
ship. Access to the Station is attained through a nine-foot diameter
sphere located at the top of the Station structure,

This report presents the results of the design effort, the con-
straints and rationale which influence design decisions and alternative
solutions to design problems. Drawings, outline specifications and

recommendations for future work are included.
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1.0 SYSTEM CONSTRAINTS

The Ingress-Egress System (IES) described in this report is constrained by
three major factors: the configuration of the concept Station (as defined by General
Dynamics), the environment to which the Station is subjected and the logistic require-
ments of the Station, As shown in Figure 1-1 these three factors overlap to prescribe
the boundaries within which the IES must be designed. In order to provide a truly

functional system these overlapping areas must be defined.

1.1 STATION CONFIGURATION

The Station is a structure approximately 50 feet high utilizing two vertical
cylinders; one for habitation and one to contain a reactor or other power source (see
Figure 1-2). The two cylinders are encircled hy ballast tanks. An ohservation sphere
equipped with view ports and lights is attached below the habitat cylinder, Attached to
the observation sphere are two smaller spheres which provide lockin-lockout capability
for material retrieved by the manipulator which is also attached to the observation

sphere,

Atop and hetween the habitat and reactor cylinders is a spherical access cham-
ber surroundud by a flotation holding tank. A platform surface for mating with the re-

plenishment vehicle is installed above the holding tank.

The Station, when emplaced on the sea floor, is ballasted to approximately
neutral buoyancy and stabilized by fcur legs and a cable attached to a clump anchor.
Station ascent and descent is normally controlled by the anchor cable winch and ballast

adjustments.

1-1
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Figure 1-2,

s Manned Underwater Station - Reference Concept

1-3




1.2 ENVIRONMENT

The design environment of the Ingress-Egress System encompasses the sea
surface conditions in which support vessels must operate above the Station site, the
water column through which resupply vehicles must descend, and the conditions at the

bottom under which cargo and personnel must be transferred,

Environmental considerations fall into two main categories: those for which
the IES must be designed to assure successful operation at a generalized site (i. e., on

the ocean bottom at 6,000 feet) and those which vary with site location,

Factors which affect the design at a generalized bottom site are hydrostatic

pressure, water temperature, currents, and fouling,

Factors which vary with site location, and in some cases with season and
weather patterns, are sea state, surface currents, bottom visibility, fouling (at inter-
mediate depths), temperature, salinity and density profiles, bottom topography, com-

position, and bearing strength and seismic activity.

1.2.1 Design Parameters

The IES environmental design parameters are listed in Table 1-1, These para-
meters are a composite of those compiled during investigations of three candidate

Station sites (see Section 3) and should be considered as generalized parameters.

Review of data indicates that, excluding anomalies which exist in areas such as
the Red Sea and the Mediterranean Sea, hydrostatic pressure and temperature at 6, 000
feet is relatively invarient throughout the world, and falls within a very narrow band in
the mid-Pacific. Current data at 6,000 feet is rare; however, by avoiding certain
areas, such as those adjacent to submarine canyons which tend to experience turbidity

currents, design problems can be minimized,

14




TABLE 1-1.
IES ENVIRONMENTAL PARAMETERS

PARAMETER RANGE
Depth 0 - 6,000 feet
Aambient External Pressure 0 - 2,700 psig
1 Ambient External Temperature 2,0 - 30°C
Water Density 64.37 - 64.67 lbs/cu, ft,
Water Salinity 33.0 - 35.5 o/oo
Sea State 0-3 (Douglas Sea Code, see
Figure 3-3)
Water Currents - Surface 0 - 3 knots
Water Currents - Boftom 0 - 2 knots
Visibility - Bottom 0 - 400 feet

Typical data for deep areas near San Clemente and the Hawaiian Islands are
shown in Table 1-2. Note that there is little variation between the two areas even at
a difference in depth of 1,200 feet, Note also that there is even less variation between

various points at the same depth.

; } TABLE 1-2.
f o BOTTOM WATER DATA
. HAWAIIAN ISLANDS/SAN CLEMENTE
i Latitude Longitude Depth |Temperature| Salinity Siemat
=y N W (feet) °C 0/00 g
e
i 922° 53 151° 15' 6336 2.33 34, 60 217. 65
; 22¢ 31! 153° 56 6084 2,37 34, 58 27. 63
- 22° 01" 155° 49' 6468 2.30 34. 62 27, 66
22° 59, 6' 157° 21, 8' 6450 2,20 34, 62 27. 67
I 22° 16! 158° 34! 7004 2.15 34.58 217. 65 ‘
23° 45! 150° 0 6432 2.18 34, 65 27,70
23° 13! 151° 56' 6264 2,09 34. 60 217. 67
] 32° 32,5 118 12,2 4896 2. 85 34. 56 27. 57
32° 23.9' 118° 11, 8' 4884 2. 90 34,56 27, 62
l 1-5 d
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1.2,2 Biological Fouling

To a large extent the problems of biological fouling are mitigated by the opera-
tional depths of the Station. Typical fouling organisms such as tunicates, bryozoa
and barnacles, normally found on structures submerged in shallow water are not
known to collect on metal submerged at depths of 3, 000 feet and below. Due to the
absence of light sufficient to support photosynthetic process, organisms which depend
on these processes either directly or indirectly should not constitute a significant

problem below the auphotic zone (surface to 300 feet).

At depths below 3,000 feet, slime and hydroids as well as carnivores and
detritus feeders such as crabs, anemones, tube worms and gastropode have been
found sparsely distributed on metal panels, These organisms are likely to inhabit
the Station site and should be kept cleared from mating surfaces and mechanisms.

Techniques to combat shallow and deep fouling are discussed in Section 2. 2.
1.3 LOGISTICS

Resupply for the Station involves the delivery of a fresh crew and sufficient
food and other consumabies to extend mission capability for 30 days. Resupply will

normally be accomplished with the Station on the ocean bottom, Table 1-3 summarizes

resupply requirements.

1,3.1 Lita Support Supplies

The life support subsystems are designed to provide a one atmosphere environ-
ment by supplying oxygen, removing carbon dioxide and controlling the temperature
and humidity i~ the Station. The recom:mmended atmosphere management system in-
cludes self-contained chlorate candles for oxygen supply and lithium hydroxide for
carbon dioxide removal. In addition, the air is cooled, dehumidified, and deodorized

to provide a comfortable environment,

1-6
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TABLE 1-3,
RESUPPLY REQUIREMENTS (5 Men - 30 Day Mission)

WEIGHT | VOLUME
SUPPLY L REMARKS
RESUPPLY (1b.) (lt")

1. Manning & Effects 1,225 75 5 men x 245 1b; (includes
allowance for recreational
material, such as films,
books, tapes, etc.)

2, Food 675 28 Avg. density 24,5 Ib/ft3

3. Water 1,920 31 (230 gallon)

4, Oxygen Generation 890 12 45 Chlorate candles (con-
tainer size - 12 in. x
6-1/2 in, dia.)

5. CO9 Removal 660 21 &2 Lithium hydroxide canis-
ters (canister size 12 in,

| X 6-3/4 in, dia.)
' 6. Charcoal Filtration 80 5 8 bags 10 lb, each

7. Miscellaneous 50 2 Fiberglass filter, medical
supplies, damaged tools,

- etc,
5,500 174
WEIGHT VOLUME
N REMARKS
REMOVAL (1b.) (ft3)
{
f E 1, Manning & Effects 1,225 75 See above
§ 2, Liquid Sanitary Waste 2,530 41 (305 gallon)
3, Bulk Waste 1,745 58 Expended canisters, vef-
use, charcoal, filter, etc,
5, 500 174
- 4
1
- 1-7
L - T {
[ ]
= ——




The average oxygen consumption per man in the habitat will range between

0.9 - 1,0 standard cubic feet per hour. This indicates a requirement for a 3, 600
standard cubic foot (scf) supply for a 30 day mission cycle. A five day emergency
supply is included as part of the initial Station provisioning. The recommended
chlorate candle contains sodium chlorate, iron, barium peroxide, glass wool filter
and a bouchon and generates 90 scf of oxygen and 8,300 btu in a period of 50 minutes,
Each chlorate candle is 12 in. high by 6-3/4 in, in diameter and weights 20 lbs.
Allowing for a 10% margin of safety, 45 candles are required to satisfy oxygen needs

for 30 days.

Carbon dioxide is produced normally. by man at the rate of 0.09 - to 0.1 1b.
per hour, This requires the removal of 360 lbs. of COy during the specified mission.
Standard Navy lithium hydroxide canisters with an operational life of 50 man-hours
per can are recommended. Each canister weighs 8.2 lbs. and is 6-3/4 in, dia. by

12 in. tall, To meet needs for a complete cycle with a 107 safety factor requires 82

lithium hydroxide canisters.

Additional items required to complete the atmosphere conditioning during the
mission include unimpregnated activated coconut shell charcoal to control odors and
remove organic vapors, and a high efficiency absolute filter to remove solid or liquid

particulate matter. The specified filter is a Fiberglass type,

1.3.2 Food
The dietary requirements for the crew have been established at between 2, 800

- 3,200 kilo calories per day. This is estimated on the basis of their anticipated
physical activity and the environmental conditions. Caloric allowances can be varied
somewhat by using foods rich in calories. Food supplies will be generally of the
frozen variety (i. e., TV dinners, frozen fruit, frozen juices) primarily for ease in

handling, palatability, and long storage life. Dry food supplies such as cereals, coffee,

1-8
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tea, milk and snacks will round out the daily menu. This type of food supply has been
chosen to reduce food volume and to minimize garbage and refuse production, The
disposable food trays and utensils, for instance, will be wrapped in plastic bags and
stored in the freezer to orevent bacterial growth., Precooked foods are used where

possible to minimize the fuel required for cooking and preparation time,

The volume and weight of food required for the mission is a multiple of the
mission man-day duration with 4, 5 lbs. of food allotted per man-day yielding a total
of 675 lbs. The food stores volume requirements have been established, based upon

an assumed average density for both frozen and dry stores of 24, 5 1b/cu. ft.

1.3.3 Water_

For liquid requirements, 1920 lbs. of potable water are provided. Of this
water, 6.5 lbs/man-day is allotted for drinking and beverage reconstitution and 6, 3
lbs/man-day is provided for personal hygiene and toilet flushing. This is sufficient
fresh water to take care of all the crew personal hygiene needs for the entire mission
in the event that the Station condensate make-up water system fails to generate an

ndequate supply.

1.3.4 Sanitary Waste

During a 30 day period over 300 gallons of sanitary waste will be collected
from the head and galley. This waste must be stored during the mission cycle and
removed from the Station as part oi the resupply operation, along with refuse and

expended material containers.
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2,0 SYSTEM DESCRIPTION

The two major elements of the system are the resupply vehicle and the Station ,l
access chamber. The interface between the two, the docking and mating mechanism,
is also a significant consideration. These elements and their interaction under the
constraints described in Section 1 constitute the basic Ingress-Egress System. The
resupply plan and outline specification described in Section 2,4 and 8. 0 respectively

further define the system,
2.1 RESUPPLY VEHICLE

The Deep Submergence Rescue Vehicle (DSRV) has been selected as the prime
resupply vehicle., The first DSRV (Figure 2-1), now under construction, is scheduled
to be operational in 1970, This vehicle will have a maximum depth capability of 3, 000
to 3,500 feet and a payload capacity of approximately 4, 800 lbs. Subsequent vehicles
will operate to 6,000 foot depths, and could be modified to increase payload to 6, 000
lbs (see Section 6. 3). Selection of the DSRV was based on results of a survey of

plenned and operational submersibles (see Section 4),

2.1.1 Vehicle Description

The DSRV has been designed to navigate to and to mate with a submerged
structure (a disabled fleet submarine), to transfer safely, in shirt sleeve environment,
as many as 24 men at one time from structure to vehicle and return to the surface,
The vehicle has a number of special features and capabilities which are to date unique.
The pressure hull is constructed of three intersecting spheres, each of 7.5 feet nomi-
nal diameter, The forward chamber is used as a control room, The mating skirt is
attached to the mid sphere and it, along with the aft sphere, is used for personnel
transfe . The DSRV has extremely sophisticated navigation control and propulsion
systems which give it the capability of locating the disabled submarine, diving to it

and literally "landing" it on the mating ring (much as a helicopter lands on a pad).

2-1
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The vehicle is controllable in roll and pitch within + 2° over a range of 45° and hovers

in this attitude. No auxiliary mating aids are required except in relatively high cur-

rents or disturbed water. If these conditions are encountered, a grapnel may be lowered
from inside the skirt, hooked to a bail on the submarine escape hatch and the vehicle is
then winched down to rest. A shock mitigation system absorbs energy when skirt and
mating seal come in contact and limits impact loading on the seat to 40, 000 pounds.

As additional safety measures, the DSRV external hull is required to withstand a

0. 85 foot per second velocity of impact and the mating skirt 2, 0 feet per second,

2,1,2 Internal Arrangement

The attributes of the DSRV correspond to the basic requirements of a Station I
resupply vehicle., Although the prototype vehicle (DSRV-D will be limited to deoths of
3,000 feet, all later vehicles will have a 6, 000 foot operating depth. While arrange-

ment of the prototype vehicle does not provide sufficient internal volume or weight

payload capacity to resupply the Station in one dive, subsequent vehicles could he
modified by rearranging the interior of the mid and aft spheres to provide this cap-
ability. In order to adapt the DSRV for Station support, several additions to ncrmal

equipment have been designed.

2L A28 Aft Sphere

The DSRV aft sphere is normally eqipped with life support equipment for
twelve men and a seat for these men which encircles the interior of the sphere. Since
personnel will not be transferred in the aft sphere, the standard life support equip-
ment may be removed during Station resupply. Flexible tanks for transporting potable
water and sanitary waste are installed in the center space ringed by the seat (Figure
2-2), The potable water tank is installed below the sanitary waste tank so that, by
pumping liquid from the Station into the waste tank, sufficient pressure is applied to
the water tank to initiate siphoning action and the water drains through a hose to interim

stowage tanks in the access chamber.




Dry stores will be stacked around the flexible liquid tanks. A revolving plat-
form mounted on the existing circumferential seat provides a convenient means of
loading and unloading material stocked upon it, Operating as a lazy susan, the plat-
form can be rotated to bring material close to the inter-sphere hatch so that the load-

ing crew is not required to clamber about the congested stowage space of the aft sphere.

2.1.2.2 Mid Sphere

The DSRV mid sphere will be used to transport the Station crews to and from
the surface. This sphere normally has life support equipment sufficient for 12 men
and a seat for them like that in the aft sphere. The seat will be retained for use of
5 men and their sea bags. Life support equipment for 7 men may be removed
from this sphere to increase stowage volume. An electric hoist is installed above the
skirt hatch to assist in the transfer of men and materials to and from the Station

access chamber (see Section 6). Power for the hoist will be provided by the vehicle.

Special chests for transporting frozen food, hoses for liquid transfer, and

other interface equipment are described in detail in Sections 6 and 8,

2,2 MATING MECHANISM

2.2,1 Station on Bottom

Docking and mating the DSRV to the Station will follow the same general pro-
cedure as is planned for submarine crew rescue. The Station access chamber (see
Section 2, 3) is equipped with a mating platform siniilar to that installed on fleet sub-
marines to accommodate the DSRV. The DSRV mating skirt is fitted with a rubber
gasket (Figure 2-3) which seats on the mating platform and will seal over irregularities

of up .0 1/8 inch.

Under normal (low current velocity) conditions the DSRV will navigate to the

Station site with its standard equipment, If visibility is good, a vehicle crew member

24
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will direct docking by relaying relative position information, as seen through view-
ports, to the vehicle pilot. If visibility is poor a short range sonar transducer mounted
near the access chamber hatch will be used in conjunction with a similar transducer

mounted Inside the vehicle skirt (standard equipment) to determine position,

When the DSRV is resting on the mating; skirt, the water which has been trapped
between skirt and access hatch is pumped to tanks on the vehicle superstructure. When
the skirt cavity is dry, pressure beiween the vehicle mid-sphere and access hatch is
equalized to one atmosphere, At this point, the vehicle is firmly held to the mating
platform by the pressure differential between skirt interior and ambient water and by

adjustment of the vehicle ballasting system. No holdowns are required.

The vehicle hatch is opened and the access chamber atmosphere is sampled by
nioans of a fitting in the access hatch, If the atmosphere is acceptable, the hatch is
opened, men and materiai transferred, and both hatches are closed. Water is pumped
back into the skirt cavity and the cavity pressure equalized to ambient. The ballast

system is adjusted and the vehicle returns to the surface.

Under conditions of relatively high current velocity (. 75 knot is the upper re-
striction on the Station) if normal docking is not possible, the DSRV, using the manipu-
lator will attach a grapnel to an access chamber hatch bale and winch itself down into

position,

Mating with vehicles other than the DSRV is discussed in Section 4. Due to the
great variations in submersible design it is not feasible to develop a generalized mating

mechanism. The requirements for each vehicle must be determined independently.

2,2,1 Mid-Depth Tether

A requirement of the Ingress-Egress System is to provide means for safely

transferring men and material into and out of the manned underwater station while the
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Station is installed on the ocean bottom, In view of the possibility that the Station will
have greater depth capability than the vehicles which are available to service it, it
may be necessary to tether the Station off-bottom, during resupply, at a depth which

accommodates vehicle capability.

Assuming that the Station will be tethered at a depth sufficient to avoid effects
of surface wave action, it should not be tco difficult to maintain a stable condition in
the vertical plane. However, if only a single anchor line is used it is likely that rota-
tion will occur about the vertical axis since the Station will have the same character-
istics as a torsional pendulum, As the resupply vehicle approaches, pressure waves
preceding the vehicle hull and vortices in the region of the vehicle propellors may be

strong enough when added to torsional forces to cause Station movement,

It may be necessary to provide additional tethers well outhoard from the Station
to gain sufficient stability for mid-depth mating. This would in turn require nore
winches, cables and anchors and system complexity would increase significantly. An
alternative solution is the addition of small thrusters mounted on the main ballast tanks

to counteract torsional forces,

2.2,2 Observation Sphere Access

Thus far only mating to a platform located on the top of the Station has been
considered. Access via the observation sphere beneath the habitat cylinder would have
some advantages were it not for obstacles to vehicle maneuvering inherent in the
Station conceptual design, With 30 foot legs, even with the legs in a vertical position
there is only approximately 10 feet of clearance between the ocean bottom and the lower
extremity of the observation sphere. There is less below the lock-in/lock-out spheres.
The distanc~ between the anchor cable and the observation sphere vertical centerline
is approximately 10 feet and between the nearest leg and observation sphere (with leg

vertical) 20 feet,




.
.
i AT e : : .

The significance of these dimensions becomes apparent when compared to
vehicle size, Deepstar 4000, one of the smaller submersibles, is 18 feet long, 10 feet
in beam and 7 feet high. The Ben Franklin (formerly PX-15) which is designed for
crew comfort and has generous payload capacity is 48 feet long, 18 feet in beam and
20 feet high, Tethering the Station off-bottom increases vertical clearances, and the
addition of powerec mechanisms to raise the nearest leg while tethered removes that
potential hazard, however, Station motion problems described above are then appli-

cable,
An additional restriction to such a mating is the fact that no vehicles with a top
hatch are equipped for mating (see Section 4). Therefore, mating to the top of the

Station is the only immediate practical solution,

2,2,3 Anti-Fouling Techniques

i The Station, except for early evaluation operations, will be installed at 3,000 ° 7
to 6,000 feet. Fouling at the shallow depths (see Section 1, 2) can be minimized by
application of anti-fouling coatings to critical areas such as the vehicle mating sur- ol |

face. The specific treatment will depend on local conditions, Divers or small sub-

mersibles can be used to examine these areas periodically and remove troublesome *ue
organisms by Land or vehicle manipulator. Since submerged time at shallow checkout e
sites will be short, these precautions should not be excessively inconvenient, -

At greater depths any maintenance is difficult, but fouling potential decreases g

(see Section 1. 2), Small, soft or brittle organisms which are caught between the a
vehicle skirt seal and the Station mating surface will be crushed and extruded to the '
extent that they will not affect sealing. It is possible that larger, more resistant

organisms could hinder effective sealing. These will, however, probably be more

] susceptible to toxic, anti-foiling substances which could be released periodically from

reservoirs around the top of the access chamber,

]
g
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If the use of toxic substances is inimical to Station operations (as in the case
of biological studies) the resupply vehicle may be required to clear the mating surface

with its manipulator prior to landir~

2.3 ACCESS CHAMBER

The Station access chamber is a spherical pressure hull with 9 foot outside
diameter and 1-1/8 inch plate thickness. The sphere is interposed between the apexes
of the reactor cylinder and the habitat cyl.nder and is connected to the two cylinders
by thick forged hatch rings which are welded into the habitat and reactor cylinder
hemiheads and into the spherical section of the access sphere as shown in Figure 2-4,

Figures 2-2 and 2-5 show internal arrangements,

2.3.1 Hatches

A spring loaded face seal hatch to permit ingress and egress from the access
sphere to the vehicle has been incorporated on a stiff foundation built into the upper
part of the access sphere and under the mating platform., The hatch is, in principle,
the same as used for military suLmarine escape hatches with the exception that is
heavier, in order to provide the strength necessary for Station depths, and it will
have a more sophisticated gasket system. Double operating gear is provided so that
it may be opened from either side and high pressure packing is provided around the
operating gear shaft so that no leaking will occur when exposed to sea pressure. Al-
though the shaft must have a high pressure seal, the operation of the gear will only
take place when it is exposed to atmospheric pressure, so that excessive binding should
not occur. There will be a gas sampling and pressure equalizing valve in the hatch
cover to permit sampling the atmosphere of the Station by a rescue submersible in the
event that there is no evidence of life onboard, and also to be used to equalize the

pressure on either side of the hatch when it is to he opened.

o
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The hatches going from the access sphere into the reactor cylinder and the
habitat cylinder are of the same design as the upper hatch because they too must with-
stand sea pressure in the event of a leak in the upper hatch or a leak while the DSRV
is mated to the Station, These hatches seat on the heavy ring forgings located at the
sphere-to-sphere intersections, The hatch to the reactor cylinder is a double hatch i
to protect against over pressure in the event of a reactor casualty, It consists of two
face seating hatches face to face on either sid. -.i the boundary, and each cover re-
sisting an increase in pressure on its own side. The hatch cover from the access

sphere to the habitat contains a sampling valve for the reasons stated in connection

witn the upper hatch,

Analysis shows that the hatch designs developed in the General Dynamics
reference report are functionally adequate., Further investigations, including detailed
stress analysis of the hatch ring interface with pressure hulls must be pursued in the

final design phase ol Station development.

2.3.2 Decking

A deck of six inch wide aluminum grating is ii.stalled in the lower part of the
access sphere, This deck has cut outs and removable sections to permit opening the
lower hatches. No deck plates are installed over the hatch to the habitat because in
the ingress nnd egress opei‘ation there will never be an occasion for covering this hatch
over, and its frequent use is an esscential part of the operation., On the other hand, it
is unlikely that the hatch to the reactor cylinder will be opened during a replenishment
operation and the space over that hatch is needed for stowage and working area, there-

fore, removable deck plates are provided over this hatch.

'The hatch gratings are supported by a framework of I beams and angles which
is contoured to fit the bottom part of the access sphere and thereby avoid any weld
attachments to the sphere itself. Six feet, two inches clearance has been allowed be-

tween the deck plates and the top of the sphere,

s ot =
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2,3.3 Storage Tanks

Tanks for interim storage of potable water and sanitary waste are installed in
thie access chamber, which is utilized as a lock-in/lock-out chamber during Station
cargo and personnel transfer operations., Part of this storage capacity is provided by
a belt of tanks arranged around the interior of the chamber. These tanks are divided
into "orange slice' segments so that each can be installed and removed through the
access hatch, Fifteen tank segments in all are provided, twelve of which are used for

sanitary waste, and the other three for fresh water,

These liquid tanks around the inside of the access sphere are designed so that
their inner faces are perpendicular to the edge where the floor meets the shell of the
sphere. Thus, these tanks do not encroach on the available working space, which is
roughly cylindrical, a little over seven feet in diaumeter and a little c ver six feet in
height, The tanks are held in place by bclting them together so that they form a hollow
spherical segment which is self supporting because it fits the internal spherical con-

tour of the access sphere and thus makes welding to the sphere unnecessary.

In the plan view, zll the tanks are keystone shaped with the exception of the
center fresh water tank which has parallel sides. This geometry will assist in holding
them in place, it being impossible to remove any of the tanks until the center fresh

water tank has first been removed.
Additional fresh water is contained in a bag type tank under the floor plates.
This tank is made flexible so that it can be collapsed and taken in and out through the

access sphere hatch,

Details of access chamber equipment may be found in Section 8.

2,3.4  Lilc Support
During resupply operations the access chamber, except for brief periods of

2-16
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less than 5 minutes, will be open to either the vehicle or the Station habitat via 25 inch
diameter hatches, Sufficiently fresh air will be circulated about the access chambher

by the life support systems of these two adjacent bodies to preclude the necessity of a

separate system permanently installed in the chamber,

Just prior to the time the resupply operations are scheduled to begin a blower

and flexible ducting will be installed to ventilate the access chamber. This will exhaust

stale air which has accumulated, and may be used for cooling and ventilating at anytime

necessary for crew comfort,

~

2.3,5 Power Requirernients

The total power requirement to operate access chamber lighting and sanitary
waste transfer pump is approximately 1 kw at 120 volts, single phase, 60 hertz, This

power is supplied from the reactor cylinder through a bulkhead connector in the con-

necting hatch,

2.3.6 Communications

2,3.6.1 Interior

Communications hetween the access chamber and the habitat will be accom-
plished by means of a cable link to the Station intercom system, Penetration into the
access chamber will be through the connecting hatch with a waterproof, pressure re-
sistant connector,
2,3.6.2 Exterior

Communications between the Station and the resupply vehicle or support ship
will normally be via the Station underwater telephone system, If for any reason tele-
phone communication is not possible, contact will be reestahlished by means of the
Station remote anchored buoy which contains telephone and radio frequency circuits,

! The vehicle and support ship must be fitted with the necessary interfacing equipment,
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2,3.7 Safety and Warning Devices

If during the mission cycle a leak develops in the normally unattended access

chamber, a warning system announces the fact to the Station crew, Several sensors
which detect the presence of water are installed near the bottom of the access chamber
so that if any one of them detects water accumulation an audible alarm is sounded

throughout the Station and indicators on the environmental monitoring console identify

the problem.

2,3.8 Lighting
The only lighting necessary for the IES is interior lighting for the access cham-

ber. This is provided by two water tight 120 volt AC light fixtures with a 100 watt

lamp in each, Each fixture is fitted with a wire mesh safety guard.
2.4 RESUPPLY PLAN

A typical sequence of operations is presented describing the steps required to
resupply the Station with the DSRV, It is assumed in the sequences that the Station
emplacement sitc is within 24 hour transit radius of a port facility that can dock the
ASR-21 support ship and has crane capacity to load and unload the DSRV aboard the
support ship.

1, At the port facility, the DSRV and the repiacement crew and supplies
for the Station mission extension are loaded aboard the support ship.

2% Preliminary checkout of the DSRV systems is performed.

3. Support ship leaves port for Station site.

4, Support ship navigates to area above Station location and establishes
communication with Statior ~rew via underwater phone,

5. DSRYV is readied for first provisioning deployment and loaded with
supplies, food, and water and crew,

6. Support ship launches the DSRV and monitors its progress in the

descent to Station,
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(M DSRV homes on Station active transducer and navigates to within
optical range,

8. DSRV lands on Station mating platform and adjusts
ballast.

9. DSRV dewaters skirt, pumping skirt water into transfer tanks and
equalizes skirt cavity pressure to one atmosphere.

10. Vehicle personnel opens vehicle hatch and equalizes pressure be-
tween the vehicle and access sphere using gas sampling valve,

11. Replacement crew member N,, 1 (R-1) opens access chamber hatch
and enters chamber.,

12, R-1 passes vehicle ends of sanitary waste (SW) and potable water
(PW) hoses to R-2 in vehicle,

13. R-2 attaches hoses in vehicle,

14, R-1 starts SW pump,

15. Sanitary waste and potable water transfer begins.

16, R-2, R-3 enter access chamber.

17. R-4, R-) begin passing food chests to access chamber.

18, When all 21 food chests are in chamber, R-1 turns off SW pump.

19. R-4 disconnects SW and PW hoses and passes to access chamber,

20, R-1 closes access chamber hatch and opens habitat hatch,

21. R-1, R-2 enter habitat,

22, R-3 begins passing food chests to habitat. Food chests are passed
by R-1, R-2, and outgoing crew to refrigerator.

23,  When all 21 food chests are in habitat R-3 closes habitat hatch,
opens access chamber hatch,

24, If liquid transfer has not been coinpleted R-3 passes hose(s) to R-4
in vehicle for attachment.

25. R-4 and R-5 begin passing chlorate candles, lithium hydroxide can-

isters and remaining miscellaneous stores to access chamber.




26,

When all stores are transferred to access chamber liquid hoses are

disconnected (if necessary) and 5 sea bags are loaded into access chamber,

217,
28,
29,
30,
31,
32,
33.
34,

R-4, R-5 enter access chamber,

R-4 closes access hatch, opens habitat batch,

R-3, R-4 enter habitat,

R-5 passes PW hose end to habitat for attachment,

R-5 begins transferring cargo to habitat.

When all cargo is in habitat R-5 enters habitat.

Outgoing crew member No. 1 (0-1) enters access chamber,

Expended canisters and candles are loaded into access chamber with

outgoing sea bags and miscalienous cargo.

39,
36,
317.
38.
39.
40.

0-2 and 0-3 enter access chamber,

PW hose is disconnected in access chamber and passed to habitat,
0-1 closes habitat hatch and opens access hatch,

0-1 and 0-2 enter vehicle.

0-3 begins passing cargo to vehicle,

When all cargo is out of access chamber 0-3 closes access hatch and

opens habitat hatch,

41,
42,
43,
44,
45,
46.
47,
48,
49,
50.

Food chests filled with refuse are loaded into access chamber,
When all chests are loaded 0-4 and 0-5 enter access chamber.
Habitat hatch is closed, access hatch is opened.

Food chests are loaded into vehicle,

03, 0-4, 0-5 enter vehicle,

Access hatch is closed,

Vehicle hatch is closed.

Vehicle skirt is rewatered and pressure is equalized.

Vehicle ballast is adjusted.

Vehicle ascends to surface.

Figure 2-6 is a simplified flow chart of the resupply plan., Approximately 4 hours is

required for resupply from vehicle ~rrival to vehicle departure.
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2.5 SURFACE SUPPORT SHIP
An ASR-21 will support the DSRV during resupply operations. The vessel will

transport the DSRV to and from the operational site, launch and retrieve the vehicle

and track it during ascent and descent keeping constant communications contact,

The ASR (Figure 2-7) has a catamaran hull with center well and elevator amid-
ships which permits vehicle handling at a point of minimum motion., The vehicle can
be launched and recovered without swimmer assistance by utilizing a system of re-
trieval cables from the vessel and guide arms on the vehicle which align and position

the DSRV to the lift points of the elevator cradle.

The ship is equipped for vehicle repair and maintenance, and has special under-
water ‘t’i‘acking equipment and station-keeping capabilities superior to those of conven-

tional support ships.
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3.0 SITE ENVIRONMENT

a1 SITE CRITERIA

No site has been chosen for Station emplacement. However, candidate site areas
have heen selected and environmental data fron these areas have been compiled to in-
dicate tyvpical conditions, The candidate sites were selected on the basis that the

station should be located:

1. In the Pacific ocean, reasonably accessible to NCEL personnel;

2 In an area with depths of 3, 000 to G, 000 feet;

3, On the leeward side of an island to provide protection from prevailing
waves and weather:

4. In proximity to shore hased power and logistic support;

QOutside of regularly used missile and ordnance splashing areas:

2
.

6. Outside of submarine operating and weapons tracking areas:

Outside of chemical, explosive and radioactive waste dumping areas:

8, Where probability of seismic disturbance is seusibly low:

9. In areas where topography has average slops of 15 degrees or less:

10. Where bottom topography, composition and bearing strength is such that
extensive foundation preparation such as piles. anchors and excavations

are unnecessary.

Expanding the ahove criteria, it is reascnable to assume that the Station site should be
located close to a major neval base, preferably one which is somewhat oriented to

undersea activities and which has facilities for hand ivg and repairing (if necessary) the
Station, Cold surface water and ice conditions, high velczity currents, areas of com-
plex and severe sea states subjected to hurricane cor typhoor v eather should be avoided.
Heavily traveled shipping lanes, popular commercial fishin: aveas, nuclear test areas

{past and future) are also undesirable.
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I is impossible to select the optimum site or sites ath all these attmbuate =
without extensive imvestigations, ocecanographic suryvevs ol specitie sites and detailod
studies. However. three arcas have been chosen which are known to have a nuabor o

the desirable characteristics:

1. San Clemente Island and adjacent basin,
2, The northwest side of Kaua.,
3. The southwest side of the island of Haw ai,

All three of thesc areas ave in the Pacific, have water depths to 6,000 feet. are or the

lee side of islands. and are close to shore hased support. Detailed descriptions o

these areus arc contained in Sections 3,2 to 3, 0.

3.2 SAN CLEMENTE ISLAND AREA

; Located 43 nautical miles southwest of Point Fermin and 57 rautical miles

northwest of Point Loma, California, San Clemente Island is 18 nautical miles long in

t a northwest direction, has a maximum width of 4 miles and maximum elevation of THa,

feet above sea level. It is a U.S. Naval Reservation, closed to the public. The olf-

shore area is dangerous to vessels due to gunfive, bombing, rocket firing. and a num- ,

ber of special ordnance tests (see Figure 3-1).

San Clrmente Basin is an irregularly shaped depression, the floor of which ¢
tends approximate! f{rom 32°15' to 32°40'N and 118 to 11%10"W,  The mid-point o o

hasin is about 25 miles southeast of the southern tip of San Clemente Island (e

Figure 3-2).
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el 2. Climatology (Linberg Field, San Diego)

Air temperature, monthly average: January 63, April 59, June 65,
September 67 (')

Total precipitation: 12,37 inches

Mean wind speced: 5.7 knots from west

Heavy fog: 52 days per year

Mean surface water temperature (San Clemente): January 60, May 62,
August 66, November G4 ("F)

.

Mean surface salinity (San Clemente): January 33.5, May 33.5,

August 33,5, November 34,0 (0/00)

3.2.2  Weather
Weather is controlled by the Pacific High which is responsible for stable con-
ditions along the California coast. The North Pacific High reaches greatest develop-
ment in summer, its center in July being located in the latitude of San Francisco at
150°W, In October, the High contracts, centered at 30°35°N, 135°-140°W. In spring,
there is a gradual return to summer patterns, Along the California coast south of
40°N, prevailing winds are northwest during the greater part of the year about parallel
to the coast. Average velocity of winds off the ocean is generally low during most of
the vear. Gales are most frequent in the winter averaging 1 of the time off California.
These gales may occur from any direction, but more often are from southeast, south,
southwest than all other directions combined. Few or none come from northeast or
east. In summer, the infrequent gales are mostly from northwest or east. Qbserva-
tions made over a period of years during all season indicate that 90% of the time the
sea state in the area is 2 or less on the Douglas Sea Code (waves 1-3 feet high, see
Figure 3-3). Santa Ana winds of up to 50 knots occur as off-shore winds in the vicinity
of San Pedro Bay in late autumn or in winter, These winds may extend out to sea al-
most 40 miles. Some effects of these winds are felt on San Clemente. South of 35°N
gales are very infrequent, being recorded in only 1/ of operations in January and

December.
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san Clemente may be affected by tropical storms originating in or near the Gulf
of Tehuantepee in late summer or autumn,  Averaging eight storms per vear, few reach

northern California waters but do bring squally, rainy weather to Southern California.

Fog occurs summer and winter, with summer type more frequent and extensive
but not so dense as in winter. Most of the vear the waters off the coast are cooler
(30-60"F) than those further to westward (60-70°F) with Julv-August-September having
the greatest differences. Cooling effect of these coastal waters on the easterly moving
air above it is 2 cause of the prevailing fogs. The seaward extent of fog varies greatly.
A band of densest and most frequent fog occurs over a narrow stream of colder water
just oft the coast and is frequently limited to a band of 50 nautical miles or less. At
other times, fog covers large areas and may extend for hundreds of miles to seaward.
On the lower California coast, [rom Los Angeles south, foggiest months are September.
October, November, December, January, February; least foggy are May. June, July.
August, There are two very foggy spots off the coast of Los Angeles: San Miguel Island

and Catalina Island, both northwest of San Clemente Island

i 2 Coasts and Harhors

The northeast side of the island is bold with rocky cliffs. Water is generally
deep inshore and kelp grows to the beach, The southwest side of the island is more
irregular, but lower and has more gentle slopes. On this side. kelp grows out to or
bevond the fathom 10 curve, Rocks are numerous close inshore and inside the kelp
heds. hut outside the kelp the bottom has a more gradual slope than on the northeast
side of the island, Pyramid Cove, at the southern extremity, provides good anchorage

shelter during northwest weather.

Wilson Cove, with restricted anchorage. has a long pier and some cargo handl-

ing facilities.

San Diego, some 60 miles southwest of the island provides shelter in all weather.

3-9
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3.2. 4 Restri ted Areas

The northeast coastal area below 32°55'N is used for =hoe bombariment hy ¢
U.S. Navy, This area must be kept clear out to the 3600 foot depth,  The coist ol
32°58'N to ahout 33°N is restricted for use as test range. Above 33°N to 5 al'\ 51

restricted anchorage area (see Figure 3-1).

The off-shore area [rom the 3, 600 foot depth is a submarine tiansit lanc. Tris

lane runs parallel to the 1sland along its entire length,

3.2,5 Tides

There is a large inequality in heights of the two high waters and  two low
waters of each day. On the outer coast the average ditference between the Leihts of
the two high waters of the day is from 1 to 2 feet; of the two low waters trom 2t 3

feet. The rise of tide ahove the plane of reference is al.out 5 feet,

3.2.6  Surfacc Currents
The California Current, whose outer limit is al.out 300 miles c¢f vhore, floa
about parailel to the island. The general direction is southward, average velocity v, 2

knot (may be 1/2-3/1 knot). It is influenced by prevailing winds.

3.2.7 Water Column

Temperature, sound velocity, salinity, and sigma-t (densit'® profiles ! .1e
island and basin arcas ha.e heen tabulated. Typical curves rdrawn from tabul+'», daia
are shown in Figures 2— tuv ?-7, In each case, data for curves was chosen for 2ec -

graphic location closest to 6, 000 (or 3, 000) foot contours i : area; of interest

3.2.8 Bottom Currents

Bottom currents have been measured at points off the isi1axd and in the basin,

Results are tabhulated in Table 3-1,

3-10

a
D ]




——

DEPTH (FEET)

0 o ,
'_,.-*/J ,
f"
’," SAN CLEMENTE ISLAND
,“' 32°56.2' N
1000 j—
’i' 118°26.9' W
I, 12 NOVEMBER 1966
|
2000 ]!
I
/
|
|
|
3000 \
BOTTOM
4000 IS
5000 }—
6000 | | |
0 10 20 30

TEMPERATURE -°C

N e
16, 280 16, 500 16,720 16, 940
SOUND VELOCITY (CALCULATED) -
YARDS/ SECOND

Figure 3-1,

3-11

|
|
|




DEPTH (FEET)

LL“. .

0 oy - - T
—— ~ |
H‘"-...
\L\
N\
i Y
1000} \
\
\\
\
2000 \
1\
\
ROTTOM
3000
4000 -t
SAN CLEMENTE ISLAND
32°51.7' N
5000}—-
118°16.0' W
13 NOVEMBER 1966
] | |
600033 34 35 3¢

SAL'N'TY - ./oo

P ES S [ P S S

22 23

e e b i i e e P e

cahNmste, o En,

24 25 26 27 28
SIGMA -t

Figure 3-5.

3-12

ko




DEPTH ! FEET!

— T Y TwvTRTy

G B or———

1
2 PE——.

1000’» /
20u0 —
SAN CLEMENTE BASIN '
(] ]
118°12.5' W
4 FEBRUARY 1963
4000
\
5000— \
\
|
6000 | L l
0 10 20 30
TEMPERATURE -°C
16, 280 16. 500 16, 720 16, 940
SOUND VELOCITY (CALCULATED! -
YARDS/ SECOND
Figure 3-6,

3-1% o




DEPTH (FEET)

ah o ety

1000 p—
\
\\
2000 \.\
\
SAN CLEMENTE EBASIN \
\
[ ] ]
3000 — 32°30.5' N \‘
118%°12.5' W \
4 FEBRUARY 1963 ‘|
\
4000
5000—
BOTTOM
6000 l 1 1
33 34 35 36
SALINITY - %.
22 23 24 2% 26 27 28
SIGMA - ¢
Figure 3-7.
3-14




In all cases, the maximum currents were recorded only once during a five day
period. Quality of the data taken near the bottom made interpretation of individual
points difficult and there is therefore some doubt that the maximum currents shown in
Table 3-1 are accurate, The greatest current speed of significant occurrence frequency
was recorded at Station 4 at 500 feet as 1. 30 knot, Bottom currents of significant fre-

quency of occurrence reached a maximum of less than 1. 0 knot.

There was some correlation between tidal movements and current speed, which
indicates that tides exert influence as deep as 6,000 feet. Currvents were generally

rotary with change of tidal height corresponding to change in current speed.

TABLE 3-1
Water Depth Instrument Current Speed | Prevailing
Station Positio
M (feet) Depth (ft) (max) (kb Directions
1 33° 3.4'N
118°34,8'W 870 834 0.4
2 32°58, 8'N
118°28. 8'N 3750 3737 1.6
3 32°56,7'N 536 1.60 SE-NE
118°19.8'W 4080 2195 1.1 SE-SW
4053 2.6
4 32 °28.4'N
118° 6.4'W 6078 6066 0.5 NNE-
SW-w

3.2,9 Visibility
Visibility off the east coast varies such that the most turbid water is generally

between 90 and 120 feet deep, with maximum visibility at depths between 450 and 600

A L

L




feet. Turbidity at shallow depths is probably the result of plankton concentrations,

Visibility in any single location varies with time, depending mostly on currcn effects,

Typical data for areas adjacent to the island are shown in Figures 3-8 and 3-9.
Figure 3-10 results fron: data taken in the San Clemente Basin at 6, 066 feet. Under

artificial lighting conditions, visibility ranges from 42 to 390 feet.

3.2.10 Bottom Topography
Along the northeast coast of the island, the bottom contours follow the coastlire

very closely down to 1, 500 feet. Beyond. the contours begin to diverge south of the
mid-island point. Approximately £ miles northeast of the island, a prominent near
circular subsurface dome disrupts an otherwise nearly flat plane cf about 3. 600 feet,
This dome is approximately 8 miles across the base at 3, 600 feet and has a minimu.n

depth of 2, 400 feet,

The San Clemente fault scarp which forms the steep northeast slope of the island
continues from above sea level to the basin floor, The scarp is rocky and has an aver-
age slope of about 16° out to the 3, 000 foot contour. Between 2,400 and 3, 60 feet,
however, the slope is about 7° at mid-island. Maximum depth near the island i» ..bout

4,200 feet.

San Clemente Basin, southeast of the island, diverges from San Clen -te Can-
yon, The head of the canyon is located just southwest of Pyramid Head. The »:sin has
a maximum depth of about 6, 600 feet. The eastern side of the basin is borderc:! by
Forty Mile Bank which rises to within 260 feet of the surface and serves to blcck main-
land derived sediments. Because of the relative paucity of these sediments, t...> hasin
floor is somewhat irregular, but it is likely that a suitable station site could ¢ found

since average slope is quite flat,
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3.2,11 Bottom Composition

The bottom northeast of the island at 3, 000 fect grades from sand to clav. The
San Clemente Basin bottom is largely silty-clay. From a number of core samples
taken northeast of the 1sland, the bearing strength for the core interval 15-22 ¢m,
range from 5,0 to 38, 7 g/cm2 with average about 7 g/cm‘)‘. Sediment strength increases
almost linearly from top to hottom in the cures. Sensitivity (the ratio of natural strenzgth
of a sample to the disturbed strength of the same sample) averaged about 2. that is.

the remolded sample lost 50% of its original undisturbed strength.

3.2.12 Seismicity

Historically, severe seismic activity in the sea area betwcen San Clc1 .ente
Island and the coast of California is very low although the fault scarp which forms the

northeast coast of the island is considered to be in an active fault zoue,

Evidence from submarine topography and from seismici'y probes indicate that
contindental structures underlie a large submarine area extending nor.kwest ofi the
coasts of both California and Oregon. The present structure is determired by block
faulting primarily, although older folder structures exist. The general trend of faults
is NW-SE. Volcanic activity is low. The San Andreas Fault is the principal seisniic

locus of the region.

Some damage to shipping and waterfront areas on the Southern California
coast occasionally occurs due to seismic sea waves (tsunami), gencrated ‘ar awa: (a.
off the Chilean Coas!;. Damage in 1960 in the Los Angeles harhor was due to rapid

currents which caused mooring lines to part setting floating docks and shins adr:ft.

320




IR 3.3  HAWAIIAN ISLANDS - GENERAL

'} The Hawegiian Archipelago is group of 8 large islands centered at approximately
21°N, 138°W and extending for about 1400 nautical miles in the Pacific. The major

7] islands are mountaneous and of volcanic origin; the island of Hawaii has two volcanoes

still active,

i The pleasant climate is due to the influence of the ocean and persistent north-

o east trade winds. Trade winds are dominant in all seasons, reaching maximum inten- |
! ) sity and persistency in summer, Where high mountains cut off trade winds on the west
| . sides of the islands, the result is a combinatiun land-sea breeze effect and southwest ;

winds. |

Pressure and circulation are the result of the semi-permanent high pressure
cell known as the Pacific High, with clockwise circulation around the cell. Thunder-

! ) storms are infrequent and never severe, Hurricanes and tornado storms are rare.

All coastal areas are subject to high relative humidity due to the marine climate |

effect. It is less humid in August and September, more hu'nid in autumn or early

winter. Frequent and heavy showers fall almost daily on windward and upland areas,

with the heaviest fail at night. More rainfall occurs November-April than from May-

’ .
'
[

October. Local temperature is controlled by elevation and locat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>